Conventional 24-well microtiter plates and shell vials were seeded with pig kidney (PK-15) and bovine turbinate (BT) cells. The monolayers were inoculated with 244 clinical specimens from pigs suspected of having pseudorabies virus (PRV) infection. The results of a shell vial assay (SVA) were compared with those obtained in a 24-well plate cell culture assay in terms of sensitivity and speed of virus isolation. All samples were passaged only once in cell cultures in both assays. Samples producing cytopathic effects (cpe) in 1 or both assay systems and showing positive fluorescence in a direct fluorescent antibody assay were considered to be positive for PRV. Of the 244 samples examined, 118 (48.4%) and 121 (49.2%) were positive by the 24-well plate assay and SVA, respectively. Of the 118 samples positive in 24-well plates, 113 (95.8%) were positive in BT cells and 117 (99.2%) were positive in PK-15 cells. The SVA detected 121 positive samples of which 121 (100%) were positive in PK-15 cells and 113 (93.4%) were positive in BT cells. Virus-specific cpe appeared earlier in the SVA than in the 24-well assay. At 24 hours postinoculation, 91 (75.2%) samples were cpe positive by SVA, whereas only 15 (12.7%) were positive in 24-well plates. All but 2 of the 121 (98.3%) SVA-positive samples were positive within 48 hours postinoculation, whereas only 56 of 118 (47.5%) were positive in 24well plates during the same time period. These results indicate that the SVA is comparable in sensitivity to 24well plate assay but yields virus isolation results more quickly. Also, PK-15 cells appeared to be more sensitive than BT cells for PRV isolation.
Pseudorabies virus (PRV) causes heavy economic losses to the swine industry because of high mortality, weight loss, and reproductive disorders in pigs. 20 Rapid detection of viral infection is essential for effective control of the disease. A number of techniques have been used for the diagnosis of PRV infection, including virus isolation in conventional cell cultures, 13 immunoperoxidase 16 and/or immunofluorescence 1 detection on impression smears and cryostat sections of tissues, direct filter hybridization 3 DNA hybridization dot-blot assay, 12 and polymerase chain reaction. 10 Each of these techniques has advantages and disadvantages in terms of sensitivity, specificity, ease of performance, cost, and speed. 20 Confirmation of PRV infection is usually based on the isolation of virus in cell cultures followed by its confirmation with immunofluorescence. This procedure usually requires 2-5 days, depending upon the time of production of virus-specific cytopathic effects (cpe). The PRV can be cultivated in a variety of cells such as, rabbit lung (ZP), rabbit kidney (RK-13), hamster kidney (BHK-21), porcine kidney (PK-15), green monkey kidney (GMK), mink lung (ML), ferret kidney (FK), ovine fetal lung (OFL), bovine turbinate (BT), From the Department of Veterinary Diagnostic Medicine, College of Veterinary Medicine, University of Minnesota, St. Paul, MN 55108.
Received for publication December 14, 1993. and turkey embryo kidney (TEK) cells. 7,13,17,21 However, BT and PK-15 cells are the most widely used cells for the isolation of PRV and are considered to be equivalent to the animal inoculation tests. 2, 13, 17 In recent years, virus isolation by centrifugationenhanced shell vial assay (SVA) followed by confirmation with immunofluorescence or immunoperoxidase techniques has been used for the detection of cytomegaloviruses, herpes simplex viruses, and respiratory viruses from human clinical specimens. 4-6, 9, 11, 23 The SVA is a rapid, sensitive, and specific assay for the routine diagnosis of these viruses. It is also more sensitive than rotatory cultures for the detection of PRV, infectious bovine rhinotracheitis virus, and transmissible gastroenteritis virus. 18 The present study was undertaken to compare the SVA and the 24-well plate cell culture assay for the detection of PRV, with special emphasis on the time required for the development of virus-specific cpe. Another objective was to compare PK-15 and BT cells for the detection of PRV.
Materials and methods
Cells and media. Both PK-15 and BT cells were grown in Eagle's minimum essential medium (MEM) with Earle's salts, a supplemented with 8% fetal bovine serum, b penicillin (100 units/ml), streptomycin sulfate (100 µg/ml), fungizone (1 &ml), and gentamicin (50 µg/ml). Each well of a 24-well tissue culture plate," without added coverslip, was seeded with 1 ml of a suspension containing 1.5 x 10 5 cells. A 12-mm-diameter coverslip d was placed in each of the l-dram (ca. 3.7 ml) shell vials, e which were then seeded with 1 ml of a cell suspension containing 1.0 x 10 5 cells. For ease of operation, the shell vials were placed in the wells of an empty 24-well plate and then covered by placing another inverted 24-well plate on top of them. The cells were incubated at 37 C in a 5% CO 2 atmosphere and were incubated when they were 70-80% confluent, usually within 3 days.
Sample preparation. A total of 244 specimens were included in this study. These samples were submitted to the Minnesota Veterinary Diagnostic Laboratory for isolation of PRV and consisted of brain, tonsils, and lung samples from pigs suspected of having PRV infection. The samples were homogenized to a 10% suspension in Hanks' balanced salt solution (HBSS) using a laboratory tissue pulverizer. f Following centrifugation at 1,000 x g at 4 C for 30 min to remove tissue debris, the supernatants were decanted and stored at -70 C.
Virus isolation in 24-well plates. The cell monolayers (PK-15 and BT) were inoculated with 0.5 ml of the sample and incubated at 37 C for 1 hr to allow virus absorption. After washing with HBSS, 1.5 ml of MEM containing 4% fetal horse serum (FHS) was added, and the cultures were incubated at 37 C in a 5% CO 2 atmosphere. Mock-infected cells served as negative controls. The plates were examined for the appearance of cpe daily for 7 days. Cultures showing cpe were processed for direct fluorescent antibody assay (DFA). 8, 21 The culture medium was removed and infected monolayers were washed with phosphate-buffered saline (PBS) (pH 7.2). The cells were scraped into a few drops of PBS with a transfer pipette, and the cell suspension was placed in a black-ringed well (7 mm diameter) on a multiwell glass slide. The slides were allowed to air dry completely and then were fixed in acetone for 10 min. A drop of 1:80 dilution of fluoresceinlabeled anti-PRV IgG conjugate g was added to each well, and the slides were incubated at 37 C for 30 min in a moist chamber. After washing in PBS (pH 8.5) for 5 min, the cells were counterstained with 0.5% Evan's blue for 1 min, rinsed in distilled water, and air dried. A coverslip was applied to the slide after adding a drop of mounting fluid (50% glycerine and 50% PBS, pH 7.2) to each well. The slides were then examined under a fluorescence microscope. h Virus isolation in shell vials. Shell vials containing BT or PK-15 cells were inoculated with 0.2 ml of the clarified supernatant. The vials were centrifuged at 700 x g for 60 min at 30 C. The monolayers were washed twice with HBSS followed by the addition of 0.5 ml of MEM containing 4% FHS to each vial. Mock-infected vials were included as negative controls. Inoculated vials were then incubated at 37 C in a 5% CO 2 atmosphere and were examined at 8-hr intervals for virus-specific cpe. After the appearance of cpe, the monolayers were fixed and stained by DFA directly in the shell vial. The coverslips were then removed carefully from the vials using a long needle and fine-toothed forceps. The coverslips were air dried, mounted on a glass slide, and examined for fluorescence.
Statistical analysis. The time difference for the production of cpe between 24-well plates and SVA was evaluated statistically by log linear model with a mean score response function.' All other differences were evaluated by McNemar's test for correlated properties. 22
Results
A total of 244 samples were examined. The PRV was isolated from 122 (50.0%) samples of which 117 were positive by both the SVA and the 24-well assay. Of the 122 positive samples, 121 (99.2%) were positive by SVA and 118 (96.7%) were positive by 24-well assay (Table 1) . Four (3.3%) samples positive by SVA were negative by the 24-well assay, and 1 sample positive by the 24-well assay was negative by SVA. The difference was not statistically significant (P > 0.05).
The time required for the production of cpe was different with 24-well assay and SVA. Of the 121 samples, 91 (75.2%) showed cpe in shell vials as early as 24 hours postinoculation, but only 15 of 118 (12.7%) were positive with the 24-well assay ( Table 2 ). An additional 28 (23.1%) and 41 (34.7%) samples showed cpe in shell vials and 24-well plates, respectively, at 48 hours postinoculation. All but 2 SVA-positive samples were positive for cpe within 48 hours postinfection, whereas it took 120 hours for all 24-well positive samples to show cpe (Table 2) . The difference was statistically significant (P < 0.05).
When PK-15 and BT cells were compared for their susceptibility to PRV, 112 samples were positive in both cell types, 1 was positive in BT cells alone, and 5 were positive in PK-15 cells in the 24-well assay (Table 3 ). In the SVA, 113 samples were positive in both cell types, and an additional 8 were positive in PK-15 cells only (P < 0.05; Table 3 ). Of the samples positive in 24-well assay, 99.2% were positive in PK-15 cells, but only 95.8% were positive in BT cells (P > 0.05). Similarly, 100% and 93.4% of the samples Table 3 . Comparison of PK-15 and BT cells for the detection of pseudorabies virus in 24-well cell culture plates and shell vial assay (SVA).
were positive in PK-15 and BT cells, respectively, in SVA (Table 3 ). When the time of appearance of cpe was compared, 75% and 58% of the samples were positive in PK-15 and BT cells, respectively, within 24 hours postinoculation (data not shown).
Discussion
Of all the techniques available for the detection of PRV in clinical specimens, 3,10,14 the polymerase chain reaction (PCR) is the most sensitive. 10 However, virus isolation in cell cultures remains the most widely used technique because of the high cost of PCR and because the sensitivity of virus isolation is also very high. In addition, virus isolation results are highly correlated with the results of DNA hybridization methods for detecting acute PRV infection. 12 The virus is initially detected by the appearance of characteristic cpe in inoculated cell cultures; infection is then confirmed by DFA. 8 Recently, a centrifugation-enhanced shell vial technique has been advanced as a rapid technique for the detection of human herpesviruses. 4,5, 19, 23 The SVA was as sensitive as the 24-well assay for the detection of PRV. Only 1 of the 122 positive samples was missed by SVA, whereas the conventional 24well assay missed 4 positive samples (Table 1) . Two passages in cell cultures, which is a standard procedure in many laboratories for the detection of PRV, may have been more sensitive but was not done in this study. A significant difference was observed between SVA and conventional assay for the time required to develop virus-specific cpe. With SVA, 75% of the positive samples showed cpe within 24 hours of inoculation, whereas less than 13% of the positive samples did so in the conventional assay. Overall, 98% of the samples were positive in SVA less than 48 hours postinoculation, whereas only 47% were positive in the conventional assay during that same time period. Three samples produced cpe within 8 hours in SVA but were positive in conventional assay only after 48 hours.
Of the many different cell lines used for the detection of PRV, PK-15 cells have been reported to be the most sensitive.
Our data support this observation. In a previous study, PRV grew to higher titers in PK-15 1.
2.
3. cells than in BT cells. 21 Similarly, the virus titer in BT cells at 4 days postinfection was observed in PK-15 cells only at 2 days postinoculation. 17 In summary, no difference in sensitivity was observed between the conventional 24-well assay and SVA for the detection of PRV. However, a distinct advantage of SVA was that it detected positive samples in a shorter period of time than did the conventional assay. This reduced detection time is a definite advantage in terms of control and eradication of PRV. Also, PK-15 cells were more susceptible to PRV than were BT cells, indicating that PK-15 cells should be continued to be used in PRV isolation studies. However, SVA is time consuming for initial set up, requires a centrifuge, and may not be readily amenable to a second passage unless inoculated in duplicate.
